A novel class II Aldolase was isolated through metagenomic approach from Domas Crater, West Java, Indonesia. Sequence analysis of the enzyme was highly homolog to archaeal ribulose-5-phosphate 4-epimerase from uncultured Acidilobussp. with percent identityof 63%. Homological analysis of the protein shows that the protein sequence contains all conserved motifs of aldolase class II. The enzyme shows Zn 2+ binding, polypeptide binding, and active sites as other aldolase's. Phylogenetic analysis of the enzyme showed that the enzyme makes a different branch closed to ribulose-5-phosphate 4-epimerase of unculcured Acidilobus sp. The gene was expressed in E coli as a host, and produced 26kDa of protein. Further analysis of the enzyme showed that the enzyme is thermostable. In addition, the enzymewas purified through Ion Metal Affinity Chromatography and it showed as single band with the homogeneity at around 96%.
Aldolases are important enzymes in formation and deformation of carbon-carbon bond in the cell. Aldolase also have significant role in producing organic chemistry since their accurate stereo chemical control of the reaction 1, 2 . Aldolase is present in all organisms such as animal, plant tissue, and in most microorganisms. Based on the requirement of bivalent metal cofactor, the enzymes are classified into two classes. Class I aldolases do not require bivalent metal as cofactor but form ketimine Schiff base intermediate with the substrate dihyroxyacetone phosphate 3 .Class I Aldolases are found in animal and higher plant tissue. Meanwhile class II aldolases require bivalent metal as cofactor. The last enzymes arefound only in prokaryotes and lower eukaryotes 4 . Members of enzyme classified as class II aldolases are rhamnulose-1-phosphate aldolase (EC:4.1.2.19), L-fuculose phosphate aldolase (EC:4.1.2.17) 5, 6 , and L-ribulose-5-phosphate 4-epimerase (EC:5.1.3.4). The first two enzymes are involved in the third step of fucose metabolism. Meanwhile L-ribulose-5-phosphate 4-epimeraseis involved in the third step of Larabinose catabolism 7 .L-ribulose-5-phosphate 4-epimerase (EC5.1.3.4) is an enzyme which catalyzes the interconversion of ribulose 5-phosphate and xylulose 5-phosphate in the oxidative phase of the pentose phosphate pathway The aldolase has molecular mass of 102 kDa and believed to be composed of four identical 25.5 kDa subunits. It belongs to family of isomerases, specifically those racemases and epimerases acting on carbohydrates and derivatives 9 . Now days, aldolses are highly used in pharmaceutical industries.One of the limitation of the enzyme to use in industry is the enzyme denatured at high temperature therefore thermostable enzymes are more preferable. Recent studies reported that various thermophilic and hyperthermophilic microbes were isolated from many hot springs at West Java, Indonesia 10, 11, 12 . However, to culture the microorganisms from natural habitat to laboratory is not easy. By this reason, we use metagenomic approach to explore the novel genes from the nature. Recently nine novel DNA polymerase genes of archaea have succesfully been isolated and characterized in our lab based on metagenomic approach 13 . In this paper we would like to describe cloning and expression of gene encoded aldolase class II from DomasCrater based onmetagenomic approach.
MATERIAL AND METHODS

Materials
The microbial samples were collected from hot spring water at Domas Crater, Tangkuban Perahu, West Java, Indonesia. The hot spring temperature is at around 93 to 95 o C and pH around 1 -2 respectively.
Methods Sampling Procedure
The sample was taken from the center spring water and kept in sterile plastic container (5 L) and brought to laboratory immediately (about 20 Km). To collect the cell directly from the sample, the hot water was gently filtered through 0.2 µm Millipore filter membrane. The pellet cells on the filters were put into sterile Erlenmeyer flask containing 100 mL of physiological solution (NaCl 0.9%). The pellet cells were re-suspended in physiological solution with gently shaking of the flask and scrubbing aseptically the filters membrane surface using ose needle. The microbial cells were then pelleted by centrifugation at 6000 g for 10 min. The pellet was then stored at -20 o C until DNA extracted.
Total Community DNA extraction
Total DNA samples were isolated based on Zhou method 14 with slight modification 13 . Pellet cell were mixed with 600 µL DNA extraction buffer (100 mMtris-Cl pH 8, 100 mM EDTA pH 8, 100 mM sodium phosphate pH 8, 1.5 M NaCl , 1 % CTAB). The mixture was added 30 µL proteinase K 10 mg/mL and 1 g of sterile sea sand in 2 mL micro tube and shaken at 37 o C 150 rpm for 30 min in shaker incubator. After the treatment, 60 µL of SDS 10 % was added and then incubated at 60 o C for 2 h with gentle shaking. The mixture was pelleted with centrifugation at 6000g for 10 min. The supernatant was collected in new sterile 1.5 mL tube at room temperature. Supernatant was added with an equal volume of chloroform:isoamyl alcohol (24 : 1) v/v solution and shaken well,then centrifuged at 6000 g for 10 min. The aqueous phase was transferred into new sterile 1.5 mL tube, and then added 0.6 volume of isopropanol with gentle shaking and then incubated at room temperature for an hour. The pellet was sedimented by centrifugation at 12000 g for 30 minutes at room temperature. The pellet was washed with 70% cold ethanol and then resuspended with sterile ddH 2 O to give final volume of 50 µL.
Preparation of Primers and PCR
A pair of primers (FE: GTAGCCA TAGACGTGGAGGTCRE: GCCTCTCTAAGTC TTGAAGAACG) were used to amplify the genes randomly from the sample. PCR reaction was performed by using S sofast supermix, (BioRad). 20 µL of PCR reaction (10µL ofSsofast, 2 pmol of primer pair, 1 µL of community DNA as template and ddH 2 O) was used for the amplification. PCR process was carried out into five steps. There arean initial denaturation step at temperature of 98 o C for 3 min. Each cycle of denaturation at 98 o C 30s, for 31 cycles annealing temperature with gradient temperature from 56°C to 46°C for 30s. Extension reaction at 72°C for 3 min and final extension at 72°Cfor 10 min and cooling at 12 o C for 10 min.
Cloning and Sequencing
pJET12/blunt cloning kit (Fermentas) was used for cloning of PCR product. The ligation reaction was carried out according to the kit manual. The ligation product was then used to transform E coli Top10 (Invitrogen). DNA sequencing was performed by using the Dye Terminator (3'-dye labeled dideoxynucleotide triphosphate) including several stages, namely: template preparation, sequencing reaction, PCR product purification, electrophoresis and scanning fluorescence.
Homological analysis
Nucleotide homological analysis were performed by aligning the DNA sequences with NCBI data using BLASTN program 15 . Prior to the homology analysis, the sequences was exposed to ORF finder for determining the coding region. The coding region was translated in silico based on BLASTP program. Alignment of amino acid sequences was performed by ClustalX program and visualized using genedoc program. Phylogenetic tree was constructed based on maximum likehood method using Jones-TaylorThornton (JTT) model with Mega5 16 .
Heterologous expression
Two primers based on the nucleotide sequence of the aldolase gene were synthesized to isolate the whole aldolase gene to be expressed. The sequence of N terminal primer FEx 5'CGCGGATCCTTGAGGCTCAATGA GAG3' contain a unique BamHI site and the C terminal primer sequence is REx5'ACGGTCGAC C CGATAGAACACACCC3' that contain a unique SalI site.The 50 µL of PCR mix is contain 5 µL of DNA template, 3 µL 2,5 mM of each primer, 5 µL of dNTP mix 2 mM, 5 µL of PCR buffer 10X (500 mM KCl, 100 mM Tris-HCl pH 8) 4 µL of MgCl 2 2 mM, 1 U of Taq Pol I and added ddH 2 o C. The amplified fragment containing the whole aldolase gene was ligated to pGEM using pGEMT easy kit, then transformed to E. coli TOP 10,and cloned. The plasmid containing the whole aldolase gene then digested with BamHI and SalI, and then purified from 0.8% low melting agarose gel and then ligated into the expression vector pET-30a (Novagen, USA), which had digested with the same enzymes.
Recombinant expression plasmids were transformed into E. coliBL21(DE3) cells and overexpression of the aldolase gene was induced by the addition of isopropyl-²-Dthiogalactopyranoside (IPTG) at the midexponential growth phase (OD 600 = 0.6), followed by 4 h incubation at 37 o C. The cells were harvested by centrifugation (6000 g at 4 o C for 30 min) and re-suspended in 10 mMTris-HCl buffer pH 7.0. The cells were disrupted by sonication and the crude protein sample was treated at 60 o C for 30 min after centrifugation (16,000 g at 4 o C for 15 min). The resulting supernatant was then applied to a once step purification through Ion Metal Affinity Chromatography through Ni-NTA resin. The column was washed and bound proteins were eluted with Tris-HCl buffer pH 7.0 containing 250 mMNaCl and an imidazole gradient (20-250 mM). Protein concentration was determined using Bradford method (1976) with bovine serum albumin (BSA) as standard. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed with 12% polyacrylamide gel, as described by Laemmli (1970) 17 .
RESULT
Amplicon of aldolase fragment
A total DNA from the nature was used to amplify the gene. PCR was performed by using FE (5'GTAGCCATAGACGTGGAGGTC3') and RE (5'GCCTCTCTAAGTCTTGAAGAACG3') primers. The PCR product at around 2 kb was appeared on agarose gel (Fig. 1) . Following insertion of amplicon into pJET blunt vector, the whole fragment was sequenced and analyzed. The result showed that the amplicon contains 0.6 kb of ORF aldolase class II gene. The whole sequence of aldolasea class II gene was submitted to the gene bank with ID number of KP893071.
Homology of the gene
The whole sequence of aldolase class II gene was in silico translated. The amino acid sequence was aligned to the NCBI data base. The result showed that the sequence is closely homolog to aldolase of Crenarchaea phyla with best homology to ribulosa-5-phosphate 4-epimerase from uncultured Acidilobus sp. with (Fig. 2) . Detail analysis by comparing the sequence of 15 best homology showed that the sequence contains most of conservative motifs of aldolase class II, (Fig. 3) 18 . From all at the above data suggested that the protein is belong to aldolase class II family.Further analysis by constructing phylogenetic tree among 19 other best homolog at aldolases showed that the protein clustered to ribulose-5-phosphate 4-epimerase of Acidilobussp, however the protein appears in difference branch (Fig. 4) . This suggests that the protein is a novel aldolase class II.
Expression and purification of aldolase
Aldolase gene on plasmid pJET blunt was amplified by PCR using FEx and REx primers to create Bam HI and Sal I restriction site on the gene. 0.6 kb of the amplicon carrying Bam HI and SalI restriction site was inserted on expression vector pET30a(+) at the sites. The recombinant pET30a (pITB-aldII) was transformed to E. coli 
BL21(DE3). Recombinant aldolase gene was expressed in E. coliBL21(DE3) at 37 o C following induction of IPTG. The product of recombinant protein was present in the soluble fraction after centrifugation of crude extract. The protein was appeared as a bulky protein band on the SDS-PAGE with the size around 26 kDa (Fig.  5) . Densitometer analysis showed that the homogeneity of the protein is around 42%.Further analysis to probe thermostability of the protein by incubating the crude extract at 60 o C for 30 min showed that the protein was still intact following the treatment (Fig. 5) . Since the recombinant protein carrying N-terminal His-tag, the protein was purified through IMAC by using Ni-NTA resin. SDS-PAGE following purification showed a single protein band corresponding to 26 kDa ( Fig. 6 ) with homogeneity at around 96 %.
